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A Ferret Model of Electrical-Induction of Arterial Thrombosis that is 
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An aq>criiziental model of acute tJirombosis was dev^oped in pentobarbital-doestheuzed 
ferrets. A lO-nin anodal electrical stimulation of 1 mA was deiivered to the external surface 
of the carotid artery while measuring carotid Uood flow (C3F). This produced an occlusive 
tlurombus in all vehide-treated ferrets within 41 r 3 min with an avera^ weight ciS-i: 1 mg 
(n 7> These thrombi were enriched in both platelets and fibrin and were adherent at the site 
of transmural vascular iojujy a9 determined by light and electron microscopy. To determine 
the model's sensitivity to antiplatelet drugs, aspirin or a thromboxane C^xA^) receptor 
antagonise (tfetroban) were administered 15 min before electrical stimulation. Thromtnifi 
weight was reduced 58% by aspirin (10 mg/kg, i.v.) and 74% ^ ifetroban (X mg/kg + 1 tng/kg 
per hr, i.v.). Both dmgs also improved C^F and decreased vascular occhision- Ferrets were 
more sensitive than rats to as^nrin's inhibition of coUagen-induced platelet aggregation as 
deterraioed ex vivo in whole blood. Separate in vitro platelet aggregation smdics revealed 
species differences in reactivity to U-46619 (TxA, receptor agonist) and collagen in the order 
ik human > ferret > rat, with relatively lesser variations in ADP responses. These studies 
identify the ferret as a useful species for evaluating antithrombotic drugs m a model in which 
aspirin is efficadous. 

Key Words: Arterial thrombosis; Ferret; Platelet aggregation; Blood coagulation; Afpirin; 
Thromboxane inhibitor 



Introduction 

Coronary artciy thrombosis induced by electrical 
stimulation was originally developed in dogs (Salazar, 
1961) and was subsequently adapted to larger arteries in 
rats (Hladovcc, 1973)> rabbits (Zweifler, 1967), pigs (van 
der Ciessen, 19S9), and monkeys (Schumacher and 
Heian, 1989). Electrolytic injury can be delivered to 
either the adventitial (rats» rabbits) or intimal surface 
(do^, pi^, monkeys) of the artery^ and it produces an 
occlusive thrombus that is platelet- and fibiin-rlch and 
has a morphology similar to that observed in human 
vascular disease (Romson, et al.» 1980). Both antiplatelet 
and anticoagulant drugs interfere wi^ the fonnaticn of 



Address reprint t«\\itsstit to Dr. WiUiain Schumacher, Department 
of Pharmdcology, Bhstol-Myens Squa>b Reseaieh Institute, P.O. Box 
4000. Princeton. NJ 0g54>-i000. U.$>^ 

Received December 21, 1994; revved and accepted Aupisi 18, 
1995. 

JouRiAl of I-hftfflAj^tofpciO «nd ToBdeoloein] Metliods 35. 3-l0 
655 Avemie of the Americas. New Vortc* NY lUOlO 



these thrombi, and fibrinolytic agents effect their disso- 
lution. Numerous modifications and reSncments of the 
electrolydc model have been^ and are being developed 
(Bush and Shebuski^ 1990). The acute nature and high 
incidence of thrombosis characteristic of this technique 
have made it most appropxiatc for pharmacological 
studies. 

Wc recently adapted a different thrombosis proce- 
dure, referred to as the Folts model, to the abdominal 
aorta of anesthetized ferrets (Gomoll et aL, 1995). The 
Folts model involves rapid and periodic platelet accu- 
mulation in stenotic and crush-injured arteries. A myo- 
cardial ischcmia-Tcperfusion injury model was also em- 
ployed in this study, which thereby demonstrated the 
utility of ferrets in the concurrent evaluation of anti- 
thrombotic and anti-isicbeniic drugs. We have presently 
adapted the method of electrolytic-induced thrombosis 
to the carotid artery of the ferret with the ijitcnt of 
producing a slower developing thrombus that would be 
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more fibrin-depeDdcnt than the Folts model (Bush and 
Shebuski, IW). To demonstrate drug efficacy in the 
electrolytic model, aspirin and the tbromboxanc recep- 
tor antagonist ifetroban (BMS-180291; Ogletree et al., 
19^) were tested at doses previously shown to be 
sufBdent in ferrets for maximai inhibition of cyclooxy- 
genase and TXA2 receptors. Antithrombotic activity was 
assessed by decreases in thrombus weight and preserva- 
tion of blood flow, while ex vivo measurements of 
coagulation and platelet activation provided additioDa) 
pharmaoologic evaluations. The in vitro reactivity of 
human, ferret, and rat platelets to U-46619, collagen, 
and ADP were determined tn separate experiments to 
better profile the ferret relative to other species. 



Carotid Artery Thrombosis 

Male neutered fexrets (^u^ela purotius fiao) weir- 
ing 1,1-13 kg were anesthetized with Na-pentobarbital 
(45 mg/kg Supplemental Na-pcntobarbital was 
administered at 20 mg, Lp^ approsdmately once every 
hour (-60 mg total). Polyedityiene (PE) catheters were 
inserted into both jugular veins (PEr90) for drug admin- 
istration and into the right femoral artety (PE-50) for 
blood withdrawal and to monlior arterial blood pressure 
(ABP) with a P23Db transducer (Gould Ixtc., Qxuard^ 
CA). The trachea was cannulated and mechanical ven- 
tilation was initiated using a model 665 dual phase 
respirator (Harvard Apparatus, South Naiick, MA). The 
respirator was adjusted to maintain arterial PO2 > 80 
mm Hg and PCO^ between 35 and 40 mm Hg as 
measured on an ABL 500 blood gas analyzer (Radiom- 
eter^ Copenhagen, Denmark). Body temperature was 
monitored and maintained at 38^ C wath a heating pad. 
The right carotid artery was exposed, and a piece of 
Parafilm ""M" (American National Can, Greenvwch, CT) 
was inserted under the vessel for electrical isolation. A 
stainless steel L*sh^d wire and an electromagnetic 
flow probe was placed on the arteiy and attached to a 
model MDL 1401 flowmeter (Skalar, Delft, Nether- 
lands) for measurement of carotid artery blood flow 
(CBF) (Figure !)• A 1-mA anodal current was delivered 
through this wire for 10 min using a constant DC current 
stimulator (MOD 870; World Predsdon Instruments, 
New Haven, CT). The cathode was a alligator clip 
attached to the hind limb. The electrode was removed 
after termination of stimulation. Some preliminary ex- 
periments, were also pezfonned using 0.5-mA stimula- 
tion. CBF and ABP were monitored continuous^ on a 
R611 recorder (Semor Medics, Anaheim, CA); how- 
ever, the flow probe was switched off after '^20 min of 
zero flow to prevent overheating of the vessel and turned 
on intermittently thereafter. The preparation was mon- 
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insQnF^ I* Tiie e3q>crimental preparattoa to induce artenat 
thrombosis and continuous CSF tracings from a vcliidc« 
treated ferret are shown. Oodusioa occurred at 40 min after 
the start of stimuJadon, and it was sustained until 120 min« at 
which time a 9.4 tog thrombus was tecovercd from the artciy. 



itored for 2 hr, but it was maintained for up to 3 hr if the 
vessel remained patents At these times the artery was 
isolated over its e^^osed length with two microanutsym 
dips and dissected free. Tile vessel segment was opened 
lengthwise under a stereomicrosoope. The thrombus was 
removed and its wet weight was determined on a Sarto- 
rius R-160P balance (Brinlonann Instruments Inc., 
Westbuiy, NY)* 

Drug treatments were administered Lv. staning IS 
min before electrical stimulation and consisted of vehi- 
cle (n - 7), aspirin (JO mg/kg; n = 5), and ifetroban, 
which was administered as a loading dose plus continu- 
ous infusion (0.3 + 0.3 or 1 + 1; mg/kg + mg/!^ per hr 
with n « 5 and 7, respectively). The vehicle induded 
warm water for aspirin (1 mlVkg) and a 10% solution of 
etbanol in 0^% sodium carbonate for ifetroban (1 
mlVkg + 25 liiVmin). Aspirin and ifetroban ^rc syn- 
thesi^d at Bristol-Myers Squibb. 

Morphology 

The thrombus and associated carotid arterial segment 
of three additional vehicle-treated ferrets were removed 
foUowing occlusion for light and transmission electron 
microscopy, and immersed in. McDowell-Trump fixative 
contaming 3.7% formaldehyde and 1.0% glutaraldchydc 
in 0,1-moI cacodylate buffer per liter, pH 7,4 (McDowell 
and Trump, 1976). The thrombus samples for scanning 
electron microscopy were removed from the artery prior 
to inunetsion in McDowell-Trump fixative. All speci- 
mens were post-fixed in 1% osmium tetraoxide, and 
dehydrated in graded alcohols. The specimens were 
either embedded in cpoxy resin by routine methods for 
light and transmission electron microscopy, or subjected 
to cridcal-point drying for scanning electron microscopy. 
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Clotting Times 

Aitenal blood was sampled before drug treatmetit (2 
mL) and after vessel removal (3 oiL) by withdrawing into 
a 1/10 final vol of 3.8% Na-citrate» Blood samples were 
centrifiiged for 3 tnio in a Microfugc E centrifuge 
(Beckman, Palo Atto» CA) to obtain plasma^ Oottiog of 
fresh plasma and blood was measured at 3T C using a 
mechanical coagulation time (Fitnronieter; Baxter 
Hcalthcarc> Miami FL). The activated pardai thrombo- 
plastxo time (APTT) and the prothrombin time (FT) 
were determined using standard reagents and proce* 
dures from the Dade division of Baxter Healdicaie. A 
whole blood dotting time (WBCI) was performed by 
diluting 0.1 mL of blood with 0.1 mL of saline and 
adding 0.1 mL of 0.02 mmol/L CaCa2- 

Platelet Agsregation 

Male Sprague Dawley lats (350-450 g) and neutered 
male ferrets (1.1-1,3 1^) were anesthetized with Na- 
pentobarbital (50 and 45 mg/kg, Lv^ respectively). Blood 
was sampled from catheters (PE-50) placed in the ferret 
femoral artery and in the rat carotid artery before 
and 1-hr after admSnbtradon of aspirin ai a dose of 10 
mg/kg, Lv. These blood samples were drawn into antico- 
agulant (5 mL into a 1/10 final vohime of 3,2% 
Na-citrate), Oonocutratioa-dependent platelet aggrega- 
tion re^xmscs to ooUagen (CoOagen reagent Hozm; 
Hormon-Chemie, Mudien, GcrmaJty) were determined 
in whole blood usmg the standard impedance recording 
method described for a model 540 platelet aggregometer 
(CfaroDO-Log Corp, Havertown, PA). 

Blood was also obtained in Na-cftrate anticoagulant 
from human volunteers, ferrets^ and rats that were not 
given the antiplatelet drugs. Blood samples were spun 
for 2.5 to 3 sec in the Microfuge E centrifage to prepare 
platelet rich plasma (PRP) and again for 3 min to 
prepare platelet poor plasma (PPF). Platelet counts in 
PRP were adjusted to -200 X 10*/jdL (human) or -350 
X 10*/tfcL (ferret, rat) by PPP addition. Concentration- 
dependent re$?>onses of PRP to collagen, ADP (Sigma 
Chemical Co., St. Louis, MO) and U-46619 (BzoMoI 
Lab., Philadelphia, PA) were determined by the photo- 
metric technique described for the model 540 aggre- 
gometer. 

Statistical Anafysis 

In the thrombosis studies drug effects relative to 
vehicle were determined by a r test for two-way compar- 
isons, Or an analysis of variance with Dunnetf s for 
> two-way comparisons. Baseline CBF was added as a 
covariate in the total CBF analysis, and frequency of 
occlusion data were compared using the Fisher e;'cact 
test. A repeated measures analysis of variance with 



contrasts was used to ana^e b^odynamics and in ex 
vivo platelet aggregation studies. Analysis of variance 
with Tukcy's test was used for the in vitro aggregation 
data. Computatioxis were performed \jsing Systat soft- 
ware and procedures (Bvanston, IL). All data are pre* 
seated as mean. ± SEM. A /> < .05 was con^crcd 
significant 



Antithrombotic Activity of Aspirin and tfetrohan 

Jn preliminary experiments electrical stimulation at 
OJ mA produced occlusive thrombosis in 4/7 ferrets, 
which was considered inadequate^ Average thrombus 
weight in these animals was 5.0 ± 1.0 m% {r% ^ 7). 
Increasing the current to 1 mA resulted in a more 
reproducible and steady decline in CBF after termina- 
tion of electrical stimulation. This is shown in the 
representative tracings in Figure 1. Occlusive thrombosis 
was observed in 7/7 vehicle-treated ferrets at the higher 
current with CBF decreasing from a baseline of 11.2 ± 
0.9 to 0 mL/min in an average of 41 ±3 min. Tliese 
thrombi had an average weight of 8,1 1-2 mg (n = 7)> 
which was greater than that obtained with OJ-mA 
stimulation ip < ,05). Drug smdies were completed 
using the 1-xnA stimulation. 

The approximate location of the electrode was readily 
discernible by light microscopy in vchidic-treatcd ferrets 
and was accompanied by a large well-developed throm- 
bus that ocduded the vascular lumen (Figure 2a). The 
thrombus was composed of numerous platelets en^ 
meshed amongst a fibrin network as observed by scan- 
ning electron microscopy (Figure 2b). Variable nimxbers 
of erythrocytes were trapped within the thrombus, and 
their contour was occasionally distorted. Similar features 
were observed by transmission electron microscopy, with 
the addition of markedly swollen platelets having lost 
their secretory granules, and sparse numbers of trapped, 
degenerative leukocytes (Figure 2c). 

Antithrombotic activity was identified by reductions 
in thrombus weight along with improvements in vessel 
patenqr and blood flow. The total CBF in each e;q>eri- 
mtnt was calculated t>y planimetry over the S-hr obser- 
vation period and was normalized as percent of control 
baseKne flow (0 min). We found this to be a good 
method of quantitating CBF stability daring thrombosis, 
and it also provided an index of average CBF over the 
entire experiment 

Aspirin decreased average thrombus weight 58% and 
improved average CBF, to the extent that vessel patenqr 
was maintained in all but one animal (Figure 3). The 
antithrombotic activiQ^ of ifetroban was dose-dependent. 
Ifetroban given at a dose of 0.3 mg/kg + 0.3 mg/kg per 
hr produced an insignificant 30% reduction in thrombus 



PAGi72l83*RCVDAT1ll2007 4:27:46 PMpsternStandardTime]*SVR;USPTOIFX^^^^ 

■ BEST AVAiiABLE COPY 




approximate iocaSon of the clecmxf& (asterisk) was easily disceniible and was aceompanied by a lar^ wel]-developcd thro]»l>tts 
that occluded the vascular lumen. Bar equals 200 |un. (B) Scanning eleetroa nucrogr^h in which the thrombus was compo«;ed of 
numerous platelets enmeshed among a fibrin network. A few ciythrocytes aic also present. Bar equals 5 f^m. (C) Transmission 
electron microsnipb in whid) the platelets were markedly swollen and have lost their secretory granules. These platelets were 
aooompanicd by fibrin aggregates and a degenerative leukocyte. Bar equals 5 iJim. 
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iFigiire 3. Changes ui CBF» vessel patency, axul thrombus 
weight Mvcic determined in £enets subjected to electrical 
stimuJation of the carotid arteiy. SignificaDt di£fcrcnccs rcla« 
tivc to vehicle were detected using analysis of variance for 
average CBF and thrombus weight, and the Fisher e^^act test 
for vessel patency. Baseline (0 min) c^tid blood flow did not 
differ significantly among the treatment groups Aspirin and 
ifetFOban were administered 15 min before electrical stimula- 
tion and had no direct effect on CBF (not shown). Tlirotnbus 
weight tended to be lower in the high dose ifctroban oomparcd 
to the aspidn group, but this difference was not significanL 



weight without improving CBF or vessel patency. How- 
ever, thrombus weight was decreased 74% and occlusion 
was prevented in aQ ferrets given a higher dose of 1 
mg/kg + 1 mg/kg per her (Figure 3). Mean ABP did not 
change in any of the treatment groups during thrombus 



formation (Figure 4). ABP tended to be higher in the 
vehicle group throughout most of the cjcpcriment, but 
this difference was not significant. Carotid arteiy diam- 
eters (mm) did not differ between the vehicle (1*27 i: 
0.04), aspirin (1.26 ± 0^8), and low (1.29 ± 0.04) or 
high (1.24 ± 0.04) dose ifetroban groups* 

The antithrombotic effect of a^nrin and ifetrobaji 
was not accompanied by anticoagulant activity. The cx 
vivo indices of WBCT, APTT, or PT were not signifi- 
cantly prolonged in cither vehicle- or drug-treated fer- 
rets (Table 1). Baseline platelet counts in ferret blood 
(631 ± 51 X Itf^/fiL, n = 8) were also not affected by 
treatmcm with aspirin (598 i 45 X lOVjiL, >J 4) or the 
high dose of ifetroban (692 ± 30 x lOVitL, n = 4). 

Effect ofA^irin on Collagen-Induced Platelet 
Aggregation Determined Ex Vm> 

Collagen was a more potent and powerful mducer of 
platelet aggregation in ferret compared to rat blood« and 
aspirin was a more effective platelet inhibitor in the 
ferret (Figure 5)'. In both species the ability of aspirin to 
inhibit ooUagen-induced platelet aggregation cx vivo 
could be surmounted by increasing collagen conccntru- 
tion. The concentration of collagen required for a 50% 
a^egation response (EC50) control samples was 
increased by aspirin to a greater extent in ferrets (0.9 ± 
OJ to S.7 ± 0.8 |i.g/mL» n = 5) compared to rats (1.6 ± 
0.2 to 3.1 i 0,4 itg/mL, n = 5), The resulting concen- 
tration ratio for collagen acth^ation (aspirin EQo/Con- 
trol EQo, i.e., (aspirin EC^Control EC50) was also 
greater in the ferret (6.9 ± 13) than in the rat platelet 
(2.0 ± 0.2, p < .05). Aggregation of rat and ferret 
platelets was unaffected by vehicle. These data refer to 
platelet activation as the maximum rate of aggregation 
(ohmAnin). Similar drug effects were observed when 
aggregation was represented as magnitude of response 
(ohms)» although there was more variability in this index 
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ngure 4b Changes in arterial blood pressure were determined 
in ferrets subjected to electrical sthnulation of the carodd 
artczy. There were no significant differences detected between 
or within treatment groups by analysis of variance with re- 
peated measures. 



Tabic 1. Effect of Aspirin and Ifetroban on Ex Vjvo Whole 
Blood Qotting Time (WBCT), Activated Partial 
Thromboplastin Time (APTT), and Prothrombin Time (PT) 
in Ferrets 



Ttrcatmeut 




Sample 


WBCT(wc) 


AfTT (i!cc) 


PT(jKc) 


Vehicle (n = 




pre 


84.6 




19.6 ± 0.6 


12i)±0^ 






post 


66,5 


±7-5' 


20.7 ± U 


12.9 ±0,5 


A^tpitin (n = 


6) 


pre 


76J 


±7.1 


19.4 ± 0.5 


12.5 ±0.6 


(10 mg/Kg) 




pORt 


76.0 


± lA 


18.2 ± 0.6 


lias ±0.6 


Ifetroban {n 


= 4) 


pre 


93.9 


2 3.7 


18.7 ± 0.9 


lUxai 


(03 + 0.3* 




post 


89.8 


±5.63 


18.5 ± 0.6 


1L7±0.1 


tfcnoban (n 


-5) 


pre 


95.9 


2:5,76 


20.2 ±03 


14i>±0.8 


(1 + ir 




post 


1005 


£3J 


19,6 ± 03 


13-5 ± 0.9 



Data arc mean ^ SEM. 

' Dose given Lv. as a ta^/kg injection 4- mg/kg per hr infusion. 
*p < .05 eomparins po^t-co pre-treatment value by paired t test 
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Fi^rt 5. Whol&-blood platelet Aggregation responses to col- 
Jagen were detennined ex vivo before (oomrol) dnd 1 hr after 
aspirio or vehicle dosing in stnesibetized fenecs and lats. 
Significant ^fferences between treatment and control n> 
sponses were detected only in the aspirin group by analysis of 
variance vrith repeated measures. 



(not shown). The maximum aggregation response to 
collagen (5 iig/mL) was also greater in ferrets (127 ± 1 0 
ofams^n = 4) than in rats (51 ± 5 obnas, n ^4;p< .05). 

Comparison of Platelet Agp^ation Between 
Humans, Ferrets and Rats Determined in Vitro 

There were profound differences in the in vitro 
reactivity of FRP obtained from hum«ns> ferrets, and 
rats. There were do differences in maximum aggregation 



induced by collagen, but platelet aggregation in humans 
compared to the other spedes was greater with ADP, 
and even more so with U-46619 (Figure 6), Platelets 
from all 6 human vohjntccrs aggregated >70% to 
U'46619, while 9 out of 10 rats produced a <20% 
rc$poi»e. The reactivity of ferret platelets was interme- 
diate, with a <2D% re^>onsc to U-46619 observed in 
only 1 out of 9 ferrets. Variability to collagen resulted 
from differences in potency, with lower ECjqS obtained 
using platelets from htunans (0^9 ± OJZ \hgfihL, n = 6) 
compared to ferrets (6.7 ± 2.5 \LgfmL, n = 5;p < .05) or 
rats (203 ± 1.4 H^g/inL, n=5;p< .05). In contrast, EC50 
values for ADP were similar in human (l.S ± 0.2 
|ju»oVL,A f'6),fenet(2.9±0-2 jimoMUn =5), and rat 
(2.0 ± 0.2 ^jnol/U n - 5) platelet<L Human platelets 
responded to lower concentrations of U-46619 (EC50 = 
1,1 ± 0.1 jundl/U n — S) relative to ferret jdatelets 
(EC50 = 10-1 2: 1.4 lumoVU n = 9). The lack of platelet 
reacthity to U-46619 in rats precluded EC50 calcula- 
tions. A platelet shape change response to U-46619 was 
observed in all of the spedes. 



Discttssion 

Both Similarities and differences were noted in the 
ferret and rat models of carotid artery thrombosis 
induced by external electrical stimulation. In vehicle- 
treated ferrets, this form of injury resulted in a high 
incidence of vascular occlusion with platelet- and fibrin- 
ridi thrombi. Combining results from this study with 
other unpublished investigations, occlusive thrombosis 
has been observed in 16 out of 18 vehicle-treated ferrets. 
An identical stimulation of the rat carotid aiteiy has 
produced occlusive thrombi in 97% of vehicle-treated 
rats with a morphology similar to that observed in the 
ferret (Schumacher et al., 1993b). In an overall compar- 
ison between the ferret {n = 7) and the rat {n = 33), 
control CBFs were higher (11^ ± 0.9 v 4,4 ± 03 




Rgurc 6. Aggregation responses of FRP denved 
from humans, ferrets, and rats were determined in 
vitro. Maximum aggregation responses were com- 
pared between species by analysis of variance. No 
differences were detected with coDagcn, while hu- 
mans produced greater responses than ferrets or rats 
with U-46619 (p < .01) and ADP (p < .05). Signifi- 
cant differences in poten<y were also observed with 
U-46619 and collagen (see text). 
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miymin), thrombus weights weix: greater (8.1 ± 1.1 v 3.9 
± 0.2 mg), and times to occlusion wre longer (41 ± 3 v 
31 ± 1 min) in the feiret. CBF decreased in a steady 
manner in both species and did not recover once ocdu- 
sioD was observed in any vehicle- or drug-treated animals 
The dif&ulty of surgical preparation was similar for 
both species, although ferrets required mecfa^'cal ven- 
tilatioii with monitoring of blood gases to insure prepa- 
ration stability. We studied ferrets one at a time, but 
they could be nin in pairs as is usually done in the rat 
thrombosis model. Larger biood samples can be ob- 
tained from ferrets than rats, which is especially uscfii] 
for ex vivo measurements of platelet function and coag* 
uiation before and after drug treatment Preparations 
were maintained longer after initiating thrombosis in 
ferrets (180 min) than in rats (100 min) to accommodate 
the longer occlusion times and more extensive ex vivo 
studies conducted with ferrets. 

Hie utility of the ferret model was further evidenced 
by the benefit of prophylactic treatment obtained with 
aspirin and ifetroban. Neither drug affected ex vivo 
blood coagulation, suggesting that antithrombotic activ- 
ity resulted from platelet inhibition. Dose selection was 
based on en vivo ferret studies in which aspirin (10 
mg/kg) inhibited the T^cA2-generating capacity of blood 
by 99% (Gomol) and Qgletree, 1995), and ifetroban (0.3 
mg/kg + 03 mg/kg per hr) blodced 99% of TxAj 
receptore on platelets (Goxnoll ei al., 1995). The dose of 
ifetroban required for efficacy was greater in the elec- 
trolytic compared to Folts model (GomoU et al., 1995), 
which identifies the fonner as being more Severe. 

Reductions in thrombus weight were accompanied by 
imptoved CBF and vessel patency. A flow-limiting ste- 
nosis was not in place prior to vessel injury^ and there- 
fore CBF would not be expected to decline until a near 
occlusive thrombus had formed. In this situation a 
partially formed thrombus could be inhibited without 
measurable effects on CBF, so it is wise to include 
measurements of thrombus weight in this type of exper- 
iment 

The antithrombodc activity of aspirin and ifetroban 
was previously determined in the rat carotid artery 
Subjected to a 0.5*mA (Schumacher et al., 1992) or 
LO-mA stimulation (Schumacher et al., 1993b). Ifetro- 
ban inhibited thrombosis induced by l-o>A stimulation 
to a slighdy greater esrtent in the ferret (74%) compared 
to the rat (56%X although in ferrets this required a high 
pharmacological dose. In rats, a wide range of aspirin 
doses (1-30 m$/kg, i,v.) did not affect arterial thrombosis 
produced by the 1-mA injury, although a 10 mg/kg dose 
of aspirin was partially active a^inst the 05-oiA injury. 
This contrasts with the 58% thrombus inhibition 
achieved with aspirin in the ferret against 1-mA stimu- 
lation. Other investigators using rat modcLs of arterial 
thrombosis have reported either no activir^ over a wide 



range of aspirin doses (Ashida et al., 198(^ Massad et al., 
1987), or inhibition only at aspirin doses of —3-10 mg/kg 
(Parris et aL, 1983; Philp et aL, 1983). 

To understand why aspirin was more antithrombotic 
in ferrets than rats^ we determined the activity of aspirin 
against platdet aggr^tion responses to collagen in 
both species. Whole blood was used instead of ?RP to 
better approximate in vivo conditions, and because 
erythrocytes have been shown to diminish aspirin's ac^ 
tivity against platelets (Santos et al, 1991). Aspirin was 
a more effective antiplatelet drug ex vivo in ferrets than 
rats, and ferret platelets also mounted a larger response 
to collagen. Tlis su^ests that differences in platelet 
reactivity can contribute the disparate antithrombotic 
effects of aspirin. In human blood, Watts and coworkers 
(1991) reported a concentration ratio for aspirin (4.0 ± 
0.1) that was intermediate to what we foimd in feirets 
and rats (6.9 ± 13 and 2.0 i 02 respectively). 

Additional species comparisons were obtained using 
PRP and a more standard photometric technique. The 
ferret proved to be closer to the human than did the rat 
in these experiments. The variability in platelet reactivity 
depended upon the agonist used, with ADP being the 
least variable. Differences were observed in both po- 
tency (collagen, U-46619) and magnitude of re^nsc 
(ADP) U-46619). The failure of rat platelets to aggre- 
gate directly to U-46619 has been reported by others 
(Nalcano et al., 1989)> and is similar to vAiai is observed 
with dog platelets under low calcium conditions (Burke 
et aL, 1983). However, U-46619 induces a platelet shape 
chaAgc In both species, and we find that the antithrom- 
botic activity of 1VcA2 receptor antagonists correlates 
best with inhibition of this response (Schumacher ct al^ 
1993a). 

Our primaiy objective in establishing ferret thrprnbo- 
sis models was to con^lemcnt a coronary artciy ocdu- 
sion-reperfusion model developed in this species (Go- 
moli and Leldch, 1990). Combination of antithrombotic 
and cardioprotective activities in a drug is desirable 
because vascular thrombosis usually precipitates acute 
myocardial infarction. It is best to evaluate both aaivi- 
ties in a single species, and ferrets arc one of the smaller 
and less expensive animals for this purpose. We have 
shown that aspirin and ifetroban are both antithrom- 
botic in the ferret, while ifetroban, but not aspuin 10 
mg/kg), is cardioprotective (Gomoll and Ogletree, 
1995). This demonstrates how concurrent application of 
these experimental models can effectively differentiate 
antiplatelet drugs that share some pharmacological ac- 
tivities, such as thromboxane inhibition. 



Tbe czocUent tedmical fttsistBiice provided by Sonia Yousscf in the in 
vitro platelet aggregation studies is adcaowledsML 
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